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ELECTRONIC SUPPLEMENTARY MATERIAL (ESM)
A. Literature review of studies published in international scientific journals reporting
factors influencing breeding success and home range behaviour in birds of prey
Methodology
We searched for scientific articles using the databases: Zoological  Record (thomsonreuters.com/zoological-
record);  Scopus  (www.scopus.com);  Google  Scholar  (scholar.google.com);  JSTOR  (www.jstor.org);  SORA
(sora.unm.edu).  We  used  several  combinations  of  the  following  search  terms:  breeding;  reproduction;
reproductive; success; output; performance; home range; movement; radio-tracking; telemetry; raptors; birds of
prey; owls; eagle; kite; kestrel; vulture; buzzard; hawk; harrier; falcon. In addition, we inspected the references
of each article analysed to gather other relevant studies. Since the number of results in each search was often
very large (generally > 1000 results) we limited our database to the first 250 scientific articles we could access
(see references below). In each study we verified: (1) the group of parameters (breeding performance; home
range behaviour; or both); (2) the effects tested (see Table S1 for the list of the most common effects); (3) the
number of effects considered; (4) the diet-related variables used; (5) the home range parameters analysed.
Results
Most articles only studied one species (92 %; n = 231), while the remaining included between 2 and 4 species.
We included 79 articles focusing owl species only (32 %), 166 focusing on diurnal raptors only (66 %), and 5
focusing species from both groups (2 %). This review covered 49 species (15 owl species and 34 diurnal raptor
species). Each species was included in 1 to 21 studies (mean ± SD = 5.8 ± 5.6).
We found disproportionally more articles analysing the effects on breeding performance only (86 %; n =
215) than analysing the effects on home range behaviour only (12 %;  n = 30), while just 5 studies (2 %)
analysed jointly the effects on breeding performance and home range behaviour. The mean number of radio-
1
tracked individuals in the studies of home range behaviour was 19.7 ± 20.9 (SD; range: 3–95 individuals; n = 33
studies), with 85 % of these studies (n = 28) having less than 25 radio-tracked individuals.
When analysing breeding performance parameters (Table S1), the most frequently tested effects were:
habitat and nest characteristics (39 %); prey abundance (36 %); and weather (29 %). On the other hand, when
analysing  home  range  behaviour  parameters,  the  most  frequently  tested  effects  where:  habitat  and  nest
characteristics (60 %); individual characteristics (54 %); prey abundance (37 %); and breeding phenology (37
%). Only seldom these studies analysed the potential relationships between diet and breeding performance (13
%) and home range behaviour (3 %).
From the 30 studies analysing the effects of diet-related variables on breeding performance or home
range behaviour parameters (Table S2), we found that the most used variables are the numeric or biomass
contribution of the main prey groups to the diet (generally expressed as a percentage from the total of prey
items or total biomass estimated). The Shannon index has been commonly used as a measure of diet diversity.
The remaining diet-related parameters have been less frequently used. Within our review, we found 25 other
studies that collected diet-related variables but only used them to search for relationships with other parameters
than breeding or home range behaviour, most commonly prey abundance.
Table S1 Percentage of studies analysing each effect on breeding performance and home range behaviour
parameters (n = 250 studies).
Effects Breeding performance(n = 220)
Home range behaviour
(n = 35)
Diet 13.2 %(29)
2.9 %
(1)
Prey abundance 36.4 %(80)
37.1 %
(13)
Individual characteristics (e.g., age, sex, internal state) 20.6 %(46)
54.3 %
(19)
Home range behaviour 1.8 %(4) NA
Habitat and nest characteristics 39.1 %(86)
60.0 %
(21)
Weather 28.6 %(63)
2.9 %
(1)
Intra-specific  competition  (including  density-dependent
effects)
14.5 %
(32)
5.7 %
(2)
Inter-specific interations (e.g., competition, predation) 8.6 %(19) 0
Breeding phenology NA 37.1 %(13)
Mean number of effects tested in each study ± SD (range) 1.8 ± 1.1(1–6)
2.1 ± 0.9
(1–5)
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Table S2 Use of diet-related variables in 30 studies analysing their effects on breeding performance and home
range behaviour.
Diet-related variables Frequency (%)(number of studies)
Percentage or proportion of prey groups in diet (either numeric or biomass contribution) 83.3 %(25)
Diet diversity (Shannon index) 23.3 %(7)
Diet breadth (Levins index) 16.7 %(5)
Prey species richness 10.0 %(3)
Mean weight of main prey species (or categorical variable relating to prey size) 20.0 %(6)
Food provisioning rate 3.3 %(1)
References used in the literature review
Adamcik RS, Todd AW, Keith LB (1978) demographic and dietary responses of great horned owls during a snowshoe hare
cycle. Can Field Nat 92:156–166
Adamcik RS, Todd AW, Keith LB (1979) Demographic and dietary responses of red-tailed hawks during a snowshoe hare
fluctuation. Can Field Nat 93:16–27
Altwegg R,  Roulin  A,  Kestenholz  M,  Jenni  L (2006)  Demographic  effects  of  extreme winter  weather  in  the barn owl.
Oecologia 149:44–51
Amar A, Redpath S (2002) Determining the cause of the hen harrier decline on the Orkney Islands: an experimental test of
two hypotheses. Anim Conserv 5:21–28
Amar A, Redpath S, Thirgood S (2003) Evidence for food limitation in the declining hen harrier population on the Orkney
Islands, Scotland. Biol Conserv 111:377–384
Amar A, Arroyo B, Meek E, Redpath S, Riley H (2008) Influence of habitat on breeding performance of hen harriers Circus
cyaneus in Orkney. Ibis 150:400–404
Amar A, Davies J, Meek E, Williams J, Knight A, Redpath S (2011) Long-term impact of changes in sheep  Ovis aries
densities on the breeding output of the hen harrier Circus cyaneus. J Appl Ecol 48:220–227
Amar A, Court IR, Davison M, Downing S, Grimshaw T, Pickford T, Raw D (2012) Linking nest histories, remotely sensed
land use  data and wildlife  crime records  to  explore  the impact  of  grouse moor  management  on  peregrine  falcon
populations. Biol Conserv 145:86–94
Anctil A, Franke A, Bêty J (2014) Heavy rainfall increases nestling mortality of an arctic top predator: experimental evidence
and long-term trend in peregrine falcons. Oecologia 174:1033–1043
Aparicio  JM (1994)  The seasonal  decline in clutch size:  an experiment  with  supplementary food in  the kestrel,  Falco
tinnunculus. Oikos 71:451–458
Aparicio JM, Bonal R (2002) Effects of food supplementation and habitat selection on timing of lesser kestrel breeding.
Ecology 83:873–877
Arroyo BE (1998) Effect of diet on the reproductive success of Montagu's harrier Circus pygargus Ibis 140:690–693
Arroyo BE, Garcia JT (2006) Diet composition influences annual breeding success of Montagu's harriers Circus pygargus
feeding on diverse prey. Bird Study 53:73–78
Arroyo BE, Leckie F, Amar A, McCluskie A, Redpath S (2014) Ranging behaviour of  hen harriers breeding in Special
Protection Areas in Scotland. Bird Study 61:48–55
Avilés JM, Sánchez JM, Parejo D (2001) Breeding rates of Eurasian kestrels (Falco tinnunculus) in relation to surrounding
habitat in southwest Spain. Journal of Raptor Research 35:31–34
3
Baines D, Richardson M (2013) Hen harriers on a Scottish grouse moor: multiple factors predict breeding density and
productivity. J Appl Ecol 50:1397–1405
Bakaloudis DE, Vlachos CG, Holloway GJ (2005) Nest spacing and breeding performance in short-toed eagle  Circaetus
gallicus in northeast Greece. Bird Study 52:330–338
Beier P, Drennan JE (1997) Forest structure and prey abundance in foraging areas of northern goshawks. Ecol Appl 7:564–
571
Bionda R, Brambilla M (2012) Rainfall and landscape features affect productivity in an alpine population of eagle owl Bubo
bubo. Journal of Ornithology 153:167–171
Björklund H, Valkama J, Saurola P, Laaksonen T (2013) Evaluation of artificial nests as a conservation tool for three forest-
dwelling raptors. Anim Conserv 16:546–555
Blas J, Sergio F, Hiraldo F (2009) Age-related improvement in reproductive performance in a long-lived raptor: a cross-
sectional and longitudinal study. Ecography 32:647–657
Boerner M, Krüger O (2009) Aggression and fitness differences between plumage morphs in the common buzzard (Buteo
buteo). Behav Ecol 20:180–185
Bond G, Burnside NG, Metcalfe DJ, Scott DM, Blamire J (2004) The effects of land-use and landscape structure on barn
owl (Tyto alba) breeding success in southern England, U.K. Landscape Ecol 20:555–566
Bortolotti GR (1994) Effect of nest-box size on nest-site preference and reproduction in American kestrels. Journal of Raptor
Research 28:127–133
Bosch J (2003) Phenology and breeding parameters of booted eagle  Hieraaetus pennatus in central Catalonia (Spain).
Ardeola 50:181–189 (in Spanish with English abstract)
Bosch R, Real J, Tintó A, Zozaya EL, Castell C (2010) Home-ranges and patterns of spatial use in territorial Bonelli's eagles
Aquila fasciata. Ibis 152:105–117
Bowman  J,  Badzinski  DS,  Brooks  RJ  (2010)  The  numerical  response  of  breeding  northern  saw-whet  owls  Aegolius
acadicus suggests nomadism. Journal of Ornithology 151:499–506
Bradley M, Johnstone R, Court G, Duncan T (1997) Influence of weather on breeding success of peregrine falcons in the
Arctic. Auk 114:786–791
Brambilla M, Rubolini D, Guidali F (2004) Rock climbing and raven Corvus corax occurrence depress breeding success of
cliff-nesting peregrines Falco peregrinus. Ardeola 51:425–430
Brambilla M, Rubolini D, Guidali F (2006) Eagle owl Bubo bubo proximity can lower productivity of cliff-nesting peregrines
Falco peregrinus. Ornis Fennica 83:20–26
Bretagnolle V, Mougeot F, Thibault JC (2008) Density dependence in a recovering osprey population: demographic and
behavioural processes. J Anim Ecol 77:998–1007
Brommer JE, Pietiäinen H, Kolunen H (1998) The effect of age at first breeding on Ural owl lifetime reproductive success
and fitness under cyclic food conditions. J Anim Ecol 67:359–369
Brommer  JE,  Pietiäinen  H,  Kolunen  H  (2002)  Reproduction  and survival  in  a  variable  environment:  Ural  owls  (Strix
uralensis) and the three-year vole cycle. Auk 119:544–550
Brommer JE, Ahola K, Karstinen T (2005) The colour of fitness: plumage coloration and lifetime reproductive success in the
tawny owl. Proc R Soc B-Biol Sci 272:935–940
Byholm P, Kekkonen M (2008) Food regulates reproduction differently in different habitats: experimental evidence in the
goshawk. Ecology 89:1696–1702
Byholm P, Nikula A (2007) Nesting failure in Finnish northern goshawk Accipiter gentilis: incidence and cause. Ibis 149:597–
604
Byholm P, Nikula A, Kentta J, Taivalmäki JP (2007) Interactions between habitat heterogeneity aand food affect reproductive
output in a top predator. J Anim Ecol 76:392–401
Cardador L, Mañosa S, Varea A, Bertolero A (2009) Ranging behaviour of marsh harriers Circus aeruginosus in agricultural
landscapes. Ibis 151:766–770
Carey AB, Reid JA, Horton SP (1990) Spotted owl home range and habitat use in Southern Oregon coast ranges. J Wildl
Manage 54:11–17
Carrascal LM, Seoane J (2009) Linking density, productivity and trends of an endangered species: the Bonelli's eagle in
4
Spain. Acta Oecol 35:341–348
Carrete M, Donázar JA (2005) Application of central-place foraging theory shows the importance of Mediterranean dehesas
for the conservation of the cinereous vulture, Aegypius monachus. Biol Conserv 126:582–590
Carrete M, Sánchez-Zapata JA, Tella JL, Gil-Sánchez JM, Moleón M (2006) Components of breeding performance in two
competing species: habitat heterogeneity, individual quality and density-dependence. Oikos 112:680–690
Carrillo  J,  González-Dávila  E  (2005)  Breeding  biology  and  nest  characteristics  of  the  Eurasian  kestrel  in  different
environments on an Atlantic island. Ornis Fennica 82:55–62
Carrillo J, González-Dávila E (2009) Latitudinal variation in breeding parameters of the common kestrel Falco tinnunculus.
Ardeola 56:215–228
Carrillo J, González-Dávila E (2010a) Geo-environmental influences on breeding parameters of the Eurasian kestrel (Falco
tinnunculus) in the Western Palaearctic. Ornis Fennica 87:15–25
Carrillo J, González-Dávila E (2010b) Impact of weather on breeding success of the Eurasian kestrel Falco tinnunculus in a
semi-arid island habitat. Ardea 98:51–58
Casado E, Suárez-Seoane S, Lamelin J, Ferrer M (2008) The regulation of brood reduction in booted eagles Hieraaetus
pennatus through habitat heterogeneity. Ibis 150:788–798
Catry I, Franco AMA, Sutherland WJ (2012) Landscape and weather determinants of prey availability: implications for the
lesser kestrel Falco naumanni. Ibis 154:111–123
Charter M, Izhaki I, Bouskila A, Leshem Y (2007) The effect of different nest types on the breeding success of Eurasian
kestrels (Falco tinnunculus) in a rural ecosystem. Journal of Raptor Research 41:143–149
Charter M, Izhaki I, Leshem Y (2010) Does nest basket size affect breeding performance of long-eared owls and Eurasian
kestrels. Journal of Raptor Research 44:314–317
Charter M, Leshem Y, Meyrom K, Peleg O, Roulin A (2012) The importance of micro-habitat in the breeding of barn owls
Tyto alba. Bird Study 59:368-371
Chausson A, Henry I,  Almasi  B,  Roulin A (2014) Barn owl (Tyto alba)  breeding biology in relation to breeding season
climate. Journal of Ornithology 155:273–281
Corbacho C, Sánchez JM, Sánchez A (1997) Breeding biology of  Montagu's  harrier  Circus pygargus L.  in agricultural
environments of southwest Spain; comparison with other populations in the western Palearctic. Bird Study 44:166–175
Corbacho C, Sánchez JM, Sánchez A (1999) Effectiveness of conservation measures on Montagu's harriers in agricultural
areas of Spain. Journal of Raptor Research 33:117–122
Costantini  D,  Carello  L,  Dell'Omo G  (2010)  Patterns  of  covariation  among  weather  conditions,  winter  North  Atlantic
Oscillation index and reproductive traits in Mediterranean kestrels. J Zool 280:177–184
Dalbeck L, Heg D (2006) Reproductive success of a reintroduced population of eagle owls Bubo bubo in relation to habitat
characteristics in the Eifel, Germany. Ardea 94:3–21
Dawson RD, Bortolotti GR (2000) Reproductive success of American kestrels: the role of prey abundance and weather.
Condor 102:814–822
Donázar JA, Hiraldo F, Bustamante J (1993) Factors influencing nest site selection, breeding density and breeding success
in the bearded vulture (Gypaetus barbatus). J Appl Ecol 30:504–514
Donázar JA, Blanco G, Hiraldo F, Soto-Largo E, Oria J (2002) Effects of  forestry and other land-use practices on the
conservation of cinereous vultures. Ecol Appl 12:1445–1456
Dykstra CR, Hays JL, Daniel FB, Simon MM (2000) Nest site selection and productivity of suburban red-shouldered hawks
in southern Ohio. Condor 102:401–408
Dykstra CR, Hays JL, Daniel FB, Simon MM (2001) Home range and habitat use of suburban red-shouldered hawks in
southwestern Ohio. Wilson Bulletin 113:308–316
Espie RHM, Oliphant LW, James PC, Warkentin IG, Lieske DJ (2000) Age-dependent breeding performance in merlins
(Falco columbarius). Ecology 81:3404–3415
Espie RHM, James PC, Oliphant  LW, Warkentin IG,  Lieske DJ (2004)  Influence of  nest-site  and individual  quality on
breeding performance in merlins Falco columbarius. Ibis 146:623–631
Etheridge B, Summers RW, Green RE (1997) The effects of  illegal  killing and destruction of  nests by humans on the
population dynamics of the hen harrier Circus cyaneus in Scotland. J Appl Ecol 34:1081–1105
5
Fargallo JA, Blanco G, Potti J, Viñuela J (2001) Nestbox provisioning in a rural population of Eurasian kestrel: breeding
performance, nest predation and parasitism. Bird Study 48:236–244
Fasce P, Fasce L, Villers A, Bergese F, Bretagnolle V (2011) Long-term breeding demography and density dependence in
an increasing population of golden eagles Aquila chrysaetos. Ibis 153:581–591
Fernández C, Azkona P, Donázar JA (1998) Density-dependent effects on productivity in the griffon vulture Gyps fulvus: the
role of interference and habitat heterogeneity. Ibis 140:64–69
Fernández M, Oria J, Sánchez R, González LM, Margalida A (2009) Space use of adult Spanish imperial eagles  Aquila
adalberti. Acta Ornithologica 44:17–26
Ferrer M, Bisson I (2003) Age and territory-quality effects on fecundity in the Spanish imperial eagle (Aquila adalberti). Auk
120:180–186
Ferrer M, Donázar JA (1996) Density-dependent fecundity by habitat heterogeneity in an increasing population of Spanish
imperial eagles. Ecology 77:69–74
Forero MG, Donázar JA, Hiraldo F (2002) Causes and fitness consequences of natal dispersal in a population of black
kites. Ecology 83:858–872
Foster CC, Forsman ED, Meslow EC, Miller GS, Reid JA, Wagner FF, Carey AB, Lint JB (1992) Survival and reproduction of
radio-marked adult spotted owls. J Wildl Manage 56:91–95
Framis H,  Holroyd  GL, Mañosa S (2011)  Home range and habitat  use of  little  owl  (Athene noctua)  in  an agricultural
landscape in coastal Catalonia, Spain. Animal Biodiversity and Conservation 34:369–378
Frey C, Sonnay C, Dreiss A, Roulin A (2011) Habitat, breeding performance, diet and individual age in Swiss barn owls
(Tyto alba). Journal of Ornithology 152:279–290
Gainzarain  JA,  Arambarri  R,  Rodríguez  AF  (2000)  Breeding  density,  habitat  selection  and  reproductive  rates  of  the
peregrine falcon Falco peregrinus in Álava (northern Spain). Bird Study 47:225–231
Galeotti  P, Tavecchia G, Bonetti  A (1997) Home-range and habitat use of  long-eared owls in open farmland (Po Plain,
northern Italy), in relation to prey availability. Journal of Wildlife Research 2:137–145
García IS, Viñuela J (2000) Effect of forest management activities on breeding success of the booted eagle (Hieraaetus
pennatus) in the Tietar valley. Ardeola 47:183–190 (in Spanish with English abstract)
García JT, Arroyo BE (2001) Effect of abiotic factors on reproduction in the centre and periphery of breeding ranges: a
comparative analysis in sympatric harriers. Ecography 24:393–402
García-Ripollés C, López-López P, Urios V (2011) Ranging behaviour of non-breeding Eurasian griffon vultures Gyps fulvus:
a GPS-telemetry study. Acta Ornithologica 46:127–134
Gil-Sánchez JM (2000) Effects of altitude and prey availability on the laying date of Bonelli's eagles (Hieraaetus fasciatus) in
Granada (SE Spain). Ardeola 47:1–8 (in Spanish with English abstract)
Gil-Sánchez JM, Moleón M, Otero M, Bautista J (2004) A nine-year  study of  successful  breeding in a Bonelli's  eagle
population in southeast Spain: a basis for conservation. Biol Conserv 118:685–694
González LM, Arroyo BE, Margalida A, Sánchez R, Oria J (2006a) Effect of human activities on the behaviour of breeding
Spanish imperial eagles (Aquila adalberti): management implications for the conservation of a threatened species. Anim
Conserv 9:85–93
González LM, Margalida A, Sánchez R, Oria J (2006b) Supplementary feeding as an effective tool for improving breeding
success in the Spanish imperial eagle (Aquila adalberti). Biol Conserv 129:477–486
Green RE, Etheridge B (1999) Breeding success of the hen harrier Circus cyaneus in relation to the distribution of grouse
moors and the red fox Vulpes vulpes. J Appl Ecol 36:472–483
Gregory MJP, Gordon AG, Moss R (2003) Impact of nest-trapping and radio-tagging on breeding golden eagles  Aquila
chrysaetos in Argyll, Scotland. Ibis 145:113–119
Grzywaczewski G (2009) Home range size and habitat use of the little owl Athene noctua in east Poland. Ardea 97:541–545
Hakkarainen H,  Koivunen V,  Korpimäki  E,  Kurki  S (1996)  Clear-cut  areas  and breeding success  of  Tengmalm's  owls
Aegolius funereus. Wildlife Biol 2:253–258
Hakkarainen H, Koivunen V, Korpimäki E (1997) Reproductive success and parental effort of Tengmalm's owls: effects of
spatial and temporal variation in habitat quality. Écoscience 4:35–42
Hakkarainen H, Mykrä S, Kurki S, Korpimäki E, Nikula A, Koivunen V (2003) Habitat composition as a determinant of
6
reproductive success of Tengmalm's owls under fluctuating food conditions. Oikos 100:162–171
Hamerstrom F (1979) Effect of prey on predator: voles and harriers. Auk 96:370–374
Haworth PF, McGrady MJ, Whitfield DP, Fielding AH, McLeod DRA (2006) Ranging distance of resident golden eagles
Aquila chrysaetos in western Scotland according to season and breeding status. Bird Study 53:265–273
Henrioux F (2000) Home range and habitat  use by the long-eared owl in northwestern Switzerland. Journal of  Raptor
Research 34:93–101
Henrioux F (2002) Nest-site selection of the long-eared owl Asio otus in northwestern Switzerland. Bird Study 49:250–257
Hiraldo  F,  Donázar  JA,  Negro  JJ  (1994)  Effects  of  tail-mounted  radio-tags  on  adult  lesser  kestrels.  Journal  of  Field
Ornithology 65:466–471
Howell  DL,  Chapman  BR (1997)  Home range  and  habitat  use  of  red-shouldered  hawks  in  Georgia.  Wilson  Bulletin
109:131–144
Hustler K, Howells WW (1988) The effect of primary production on breeding success and habitat selection in the African
hawk-eagle. Condor 90:583–587
Jäderholm K (1987) Diets of the Tengmalm's owl Aegolius funereus and the Ural owl Strix uralensis in central Finland. Ornis
Fennica 64:149–153
Janes SW (1984) Influences of territory composition and interspecific competition on red-tailed hawk reproductive success.
Ecology 65:862–870
Jiménez-Franco MV, Martínez JE, Calvo JF (2013) Patterns of nest reuse in forest raptors and their effects on reproductive
output. J Zool 292:64–70
Kaisanlahti-Jokimäki ML, Jokimäki J, Huhta E, Ukkola M, Helle P, Ollila T (2008) Territory occupancy and breeding success
of the golden eagle (Aquila chrysaetos) around tourist destinations in northern Finland. Ornis Fennica 85:2–12
Karell P, Ahola K, Karstinen T, Zolei A, Brommer JE (2009) Population dynamics in a cyclic environment: consequences of
cyclic food abundance on tawny owl reproduction and survival. J Anim Ecol 78:1050–1062
Katzner TE, Bragin EA, Knock ST, Smith AT (2005) Relationship between demographics and diet specificity of imperial
eagles Aquila heliaca in Kazakhstan. Ibis 147:576–586
Kekkonen J, Kolunen H, Pietiäinen H, Karell P, Brommer JE (2008) Tawny owl reproduction and offspring sex ratios under
variable food conditions. Journal of Ornithology 149:59–66
Kenward RE (1982) Goshawk hunting behaviour, and range size as a function of food and habitat availability. J Anim Ecol
51:69–80
Kochert  MN,  Steenhof  K,  Carpenter  LB,  Marzluff  JM (1999)  Effects  of  fire  on  golden  eagle  territory  occupancy  and
reproductive success. J Wildl Manage 63:773–780
Korpimäki E (1986) Diet variation, hunting habitat and reproductive output of the kestrel Falco tinnunculus in the light of the
optimal diet theory. Ornis Fennica 63:84–90
Korpimäki E (1987) Dietary shifts, niche relationships and reproductive output of coexisting kestrels and long-eared owls.
Oecologia 74:277–285
Korpimäki E (1988) Effects of age on breeding performance of Tengmalm's owl Aegolius funereus in western Finland. Ornis
Scandinavica 19:21–26
Korpimäki E (1988) Effects of territory quality on occupancy, breeding performance and breeding dispersal in Tengmalm's
owl. J Anim Ecol 57:97–108
Korpimäki  E  (1992)  Diet  composition,  prey  choice,  and  breeding  success  of  long-eared  owls:  effects  of  multiannual
fluctuations in food abundance. Can J Zool 70:2373–2381
Korpimäki E (1992) Fluctuating food abundance determines the lifetime reproductive success of male Tengmalm's owls. J
Anim Ecol 61:103–111
Korpimäki E, Hakkarainen H (1991) Fluctuating food supply affects the clutch size of Tengmalm's owl independent of laying
date. Oecologia 85:543–552
Korpimäki E, Norrdahl K (1989) Predation of Tengmalm's owls: numerical response, functional responses and dampening
impact on population fluctuations of microtines. Oikos 54:154–164
Korpimäki E, Norrdahl K (1991) Numerical and functional responses of kestrels, short-eared owls, and long-eared owls to
vole densities. Ecology 72:814–826
7
Korpimäki E, Sulkava S (1987) Diet and breeding performance of Ural owls Strix uralensis under fluctuating food conditions.
Ornis Fennica 64:57–66
Korpimäki E, Wiehn J (1998) Clutch size of kestrels: seasonal decline and experimental evidence for food limitation under
fluctuating food conditions. Oikos 83:259–272
Korpimäki E, Hakkarainen H, Bennett GF (1993) Blood parasites and reproductive success of Tengmalm's owls: detrimental
effects on females but not on males? Funct Ecol 7:420–426
Korpimäki  E,  Tolonen  P,  Bennet  GF (1995)  Blood  parasites,  sexual  selection  and reproductive  success  of  European
kestrels. Écoscience 2:335–343
Kostrzewa A (1996) A comparative study of nest-site occupancy and breeding performance as indicators for nesting-habitat
quality in three European raptor species. Ethol Ecol Evol 8:1–18
Kostrzewa  R,  Kostrzewa  A (1991)  Winter  weather,  spring and summer  density,  and  subsequent  breeding  success of
Eurasian kestrels, common buzzards, and northern goshawks. Auk 108:342–347
Kouba M, Bartoš L, Štastný (2013) Differential movement patterns of juvenile Tengmalm's owls (Aegolius funereus) during
the post-fledging dependence period in two years with contrasting prey abundance. PLoS ONE 8(7):e67034
Krüger O (2002a) Analysis of nest occupancy and nest reproduction in two sympatric raptors: common buzzard  Buteo
buteo and goshawk Accipiter gentilis. Ecography 25:523–532
Krüger O (2002b) Dissecting common buzzard lifespan and lifetime reproductive success; the relative importance of food,
competition, weather, habitat and individual attributes. Oecologia 133:474–482
Krüger O (2004) The importance of competition, food, habitat, weather and phenotype for the reproduction of buzzard
Buteo buteo. Bird Study 51:125–132
Krüger O (2005) Age at first breeding and fitness in goshawk Accipiter gentilis. Journal of Animal Ecology 74:266–273
Krüger O, Lindström J (2001a) Habitat heterogeneity affects population growth in goshawk Accipiter gentilis. J Anim Ecol
70:173–181
Krüger O, Lindström J (2001b) Lifetime reproductive success in common buzzard, Buteo buteo: from individual variation to
population demography. Oikos 93:260–273
Krüger O, Chakarov N, Nielsen JT, Looft V, Grünkorn T, Struwe-Juhl B, Møller AP (2012) Population regulation by habitat
heterogeneity or individual adjustment? J Anim Ecol 81:330–340
Kumar N, Mohan D, Jhala Y, Qureshi Q, Sergio F (2014) Density, laying date, breeding success and diet of black kites
Milvus migrans govinda in the city of Delhi (India). Bird Study 61:1–8
Laaksonen T, Korpimäki E, Hakkarainen H (2002) Interactive effects of parental age and environmental variation on the
breeding performance of Tengmalm's owls. J Anim Ecol 71:23–31
Laaksonen T, Hakkarainen H, Korpimäki E (2004) Lifetime reproduction of a forest-dwelling owl increases with age and area
of forests. Proc R Soc B-Biol Sci 271:S461–464
Lehikoinen A, Saurola P, Byholm P, Lindén A, Valkama J (2010) Life history events of the Eurasian sparrowhawk Accipiter
nisus in a changing climate. J Avian Biol 41:627–636
Lehikoinen A, Ranta E, Pietiäinen H, Byholm P, Saurola P, Valkama J, Huitu O, Henttonen H, Korpimäki E (2011) The
impact of  climate and cyclic food abundance on the timing of  breeding and brood size in four boreal  owl species.
Oecologia 165:349–355
Lehikoinen A, Lindén A, Byholm P, Ranta E, Saurola P, Valkama J, Kaitala V, Lindén H (2013) Impact of climate change and
prey abundance on nesting success of a top predator, the goshawk. Oecologia 171:283–293
L'Hérault V, Franke A, Lecomte N, Alogut A, Bêty J (2013) Landscape heterogeneity drives intra-population niche variation
and reproduction in an arctic top predator. Ecology and Evolution 3:2867–2879
Lövy M, Riegert J (2013) Home range and land use of urban long-eared owls. Condor 115:551–557
Liberatori  F,  Penteriani  V (2001) A long-term analysis  of  the declining population of  the Egyptian vulture in the Italian
peninsula: distribution, habitat preference, productivity and conservation implications. Biol Conserv 101:381–389
Limiñana R, Arroyo BE, Surroca M, Urios V, Reig-Ferrer A (2011) Influence of habitat on nest location and reproductive
output of Montagu's harriers breeding in natural vegetation. Journal of Ornithology 152:557–565
Lõhmus A (2003) Are certain habitats better every year? A review and a case study on birds of prey. Ecography 26:545–552
Lõhmus A, Väli Ü (2004) The effects of habitat quality and female size on the productivity of the lesser spotted eagle Aquila
8
pomarina in the light of the alternative prey hypothesis. J Avian Biol 35:455–464
López-López P, García-Ripollés C, Verdejo J (2004) Population status and reproductive performance of Eurasian griffons
(Gyps fulvus) in eastern Spain. Journal of Raptor Research 38:350–356
López-López P,  Verdejo J,  Barba E (2009)  The role  of  pigeon consumption in  the population dynamics and breeding
performance of a peregrine falcon (Falco peregrinus) population: conservation implications. Eur J Wildlife Res 55:125–
132
Madders M (2003) Hen harrier Circus cyaneus foraging activity in relation to habitat and prey. Bird Study 50:55–60
Marchesi L, Sergio F, Pedrini P (2002) Costs and benefits of breeding in human-altered landscapes for the eagle owl Bubo
bubo. Ibis 144:E164–177
Margalida A (2010) Supplementary feeding during the chick-rearing period is ineffective in increasing the breeding success
in the bearded vulture (Gypaetus barbatus). Eur J Wildlife Res 56:673–678
Margalida  A,  García  D  (1999)  Nest  use,  interspecific  relationships  and  competition  for  nests  in  the  bearded  vulture
Gypaetus barbatus in the Pyrenees: influence on breeding success. Bird Study 46:224–229
Margalida A,  García D,  Bertran  J,  Heredia R (2003)  Breeding biology and success of  the bearded vulture  Gypaetus
barbatus in the eastern Pyrenees. Ibis 145:244–252
Margalida A, González LM, Sánchez R, Oria J, Prada L, Caldera J, Aranda A, Molina JI (2007) A long-term large-scale
study of the breeding biology of the Spanish imperial eagle (Aquila adalberti). Journal of Ornithology 148:309–322
Margalida A, Moreno-Opo R, Arroyo BE, Arredondo A (2011) Reconciling the conservation of endangered species with
economically important  anthropogenic  activities:  interactions between cork exploitation and the cinereous vulture in
Spain. Anim Conserv 14:167–174
Margalida A, Benítez JR, Sánchez-Zapata JA, Ávila E, Arenas R, Donázar JA (2012) Long-term relationship between diet
breadth and breeding success in a declining population of Egyptian vultures Neophron percnopterus. Ibis 154:184–188
Margalida A, Colomer MA, Oro D (2014) Man-induced activities modify demographic parameters in a long-lived species:
effects of poisoning and health policies. Ecol Appl 24:436–444
Marquiss M, Newton I (1982) A radio-tracking study of the ranging behaviour and dispersion of European sparrowhawks
Accipiter nisus. J Anim Ecol 51:111–133
Marti CD (1994) Barn owl reproduction: patterns and variation near the limit of the species' distribution. Condor 96:468–484
Martin JM, Branch LC, Raid RN, Beyeler SC (2010) Temporal instability of agricultural habitat reduces reproductive success
of barn owls (Tyto alba). Auk 127:909–916
Martínez JA, Calvo JF, Martínez JE, Zuberogoitia I, Zabala J, Redpath SM (2008) Breeding performance, age effects and
territory occupancy in a Bonelli's eagle Hieraaetus fasciatus population. Ibis 150:223–233
Martínez JE, Calvo JF (2001) Diet and breeding success of eagle owl in southeastern Spain: effect of rabbit naemorrhagic
disease. Journal of Raptor Research 35:259–262
Martínez JE, Pagán I, Calvo JF (2006a) Factors influencing territorial occupancy and reproductive output in the booted
eagle Hieraaetus pennatus. Ibis 148:807–819
Martínez JE, Pagán I, Calvo JF (2006b) Interannual variations of reproductive parameters in a booted eagle (Hieraaetus
pennatus) population: the influence of density and laying date. Journal of Ornithology 147:612–617
Martínez JE, Pagán I,  Palazón JA, Calvo JF (2007) Habitat use of  booted eagles (Hieraaetus pennatus)  in a Special
Protection Area: implications for conservation. Biodivers Conserv 16:3481–3488
Martínez JE, Jiménez-Franco MV, Zuberogoitia I, León-Ortega M, Calvo JF (2013) Assessing the short-term effects of an
extreme storm on Mediterranean forest raptors. Acta Oecol 48:47–53
Martínez-Abraín A, Tavecchia G, Regan HM, Jiménez J. Surroca M, Oro D (2012) Effects of wind farms and food scarcity
on a large scavenging bird species following an epidemic of bovine spongiform encephalopathy. J Appl Ecol 49:109–117
Marzluff JM, Kimsey BA, Schueck LS, McFadzen ME, Vekasy MS, Bednarz JS (1997a) The influence of habitat, prey
abundance, sex, and breeding success on the ranging behavior of prairie falcons. Condor 99:567–584
Marzluff JM, Knick ST, Vekasy MS, Schueck LS, Zarriello TJ (1997b) Spatial use and habitat selection of golden eagles in
southwestern Idaho. Auk 114:673–687
Marzluff  JM,  Vekasy  MS,  Kochert  MN,  Steenhof  K  (1997c)  Productivity  of  golden  eagles  wearing  backpack
radiotransmitters. Journal of Raptor Research 31:223–227
9
Massemin S, Korpimäki E, Wiehn J (2000) Reversed sexual size dimorphism in raptors: evaluation of the hypotheses in
kestrels breeding in a temporally changing environment. Oecologia 124:26–32
McDonald PG, Olsen PD, Cockburn A (2004) Weather dictates reproductive success and survival in the Australian brown
falcon Falco berigora. J Anim Ecol 73:683–692
Mearns R, Newton I (1988) Factor affecting breeding success of peregrines in south Scotland. J Anim Ecol 57:903–916
Meek WR, Burman PJ, Nowakowski M, Sparks TH, Hill RA, Swetnam RD, Burman NJ (2009) Habitat does not influence
breeding performance in a long-term barn owl Tyto alba study. Bird Study 56:369–380
Millon A, Bourrioux JL, Riols C, Bretagnolle V (2002) Comparative breeding biology of hen harrier and Montagu's harrier: an
8-year study in north-eastern France. Ibis 144:94–105
Millon A, Petty SJ, Little B, Lambin X (2011) Natal conditions alter age-specific reproduction but not survival or senescence
in a long-lived bird of prey. J Anim Ecol 80:968–975
Moleón M, Sánchez-Zapata JA, Gil-Sánchez JM, Ballesteros-Duperón E, Barea-Azcón JM, Virgós E (2012) Predator-prey
relationships in a Mediterranean vertebrate system: Bonelli's eagles, rabbits and partridges. Oecologia 168:679–689
Morán-López R, Sánchez JM, Costillo E, Corbacho C, Villegas A (2006) Spatial variation in anthropic and natural factors
regulating  the  breeding  success  of  the  cinereous  vulture  (Aegypius  monachus)  in  the  SW  Iberian  Peninsula.  Biol
Conserv 130:169–182
Negro JJ, Donázar JA, Hiraldo F, Hernández LM, Fernández MA (1993) Organochlorine and heavy metal contamination in
non-viable eggs and its  relation to breeding success in  a  Spanish population of  lesser kestrels (Falco naumanni).
Environ Pollut 82:201–205
Newton I (2001) Causes and consequences of breeding dispersal in the sparrowhawk Accipiter nisus. Ardea 89:143–154
Newton I, Marquiss M (1984) Seasonal trend in the breeding performance of sparrowhawks. J Anim Ecol 53:809–829
Newton I, Rothery P (1997) Senescence and reproductive value in sparrowhawks. Ecology 78:1000–1008
Newton I,  Rothery P (2002)  Age-related  trends  in  different  aspects  of  the  breeding  performance of  individual  female
Eurasian sparrowhawks (Accipiter nisus). Auk 119:735–748
Newton  I,  Marquiss  M,  Moss  D  (1979)  Habitat,  female  age,  organo-chlorine  compounds  and  breeding  of  European
sparrowhawks. J Appl Ecol 16:777–793
Newton I, Davis PE, Moss D (1981a) Distribution and breeding of red kites in relation to land-use in Wales. J Appl Ecol
18:173–186
Newton I, Marquiss M, Moss D (1981b) Age and breeding in sparrowhawks. J Anim Ecol 50:839–853
Newton I, Davis PE, Moss D (1996) Distribution and breeding of red kites Milvus milvus in relation to afforestation and other
lan-use in Wales. J Appl Ecol 33:210–224
Nielsen JT, Drachmann J (2003) Age dependent reproductive performance in northern goshawks  Accipiter gentilis.  Ibis
145:1–8
Nielsen JT, Møller AP (2006) Effects of food abundance, density and climate change on reproduction in the sparrowhawk
Accipiter nisus. Oecologia 149:5005–518
Nyström J, Ekenstedt J, Angerbjörn A, Thulin L, Hellström P, Dalén L (2006) Golden eagles on the Swedish mountain tundra
– diet and breeding success in relation to prey fluctuations. Ornis Fennica 83:145–152
Ontiveros D, Pleguezuelos JM (2000) Influence of prey densities in the distribution and breeding success of Bonelli's eagle
(Hieraaetus fasciatus): management implications. Biol Conserv 93:19–25
Ontiveros D, Pleguezuelos JM (2003a) Influence of climate on Bonelli's eagle's (Hieraaetus fasciatus V. 1822) breeding
success through the western Mediterranean. J Biogeogr 30:755–760
Ontiveros D, Pleguezuelos (2003b) Physical, environmental and human factors influencing productivity in Bonelli's eagle
Hieraaetus fasciatus in Granada (SE Spain). Biodivers Conserv 12:1193–1203
Ontiveros D, Pleguezuelos JM, Caro J (2005) Prey density, prey detectability and food habits: the case of Bonelli's eagle
and the conservation measures. Biol Conserv 123:19–25
Ortego J (2007) Consequences of eagle owl nest-site habitat preference for breeding performance and territory stability.
Ornis Fennica 84:78–90
Pande S, Pawashe A, Mahajan M, Mahabal A, Joglekar C, Yosef R (2011) Breeding biology, nesting habitat, and diet of the
rock eagle-owl (Bubo bengalensis). Journal of Raptor Research 45:211–219
10
Pedrini P, Sergio F (2001) Golden eagle  Aquila chrysaetos density and productivity in relation to land abandonment and
forest expansion in the Alps. Bird Study 48:194–199
Penteriani V, Gallardo M, Roche P (2002a) Landscape structure and food supply affect eagle owl (Bubo bubo) density and
breeding performance: a case of intra-population heterogeneity. J Zool 257:365–372
Penteriani V, Mathiaut M, Boisson G (2002b) Immediate species responses to ctastrophic natural disturbances: widthrow
effects on density, productivity, nesting stand choice, and fidelity in nothern goshawks (Accipiter gentilis). Auk 119:1132–
1137
Penteriani V, Balbontin J, Ferrer M (2003) Simultaneous effects of age and territory quality on fecundity in Bonelli's eagle
Hieraaetus fasciatus. Ibis 145:E77–82
Penteriani V, Delgado MM, Gallardo M, Ferrer M (2004) Spatial heterogeneity and structure of bird populations: a case
example with the eagle owl. Popul Ecol 46:185–192
Penteriani V, Rutz C, Kenward R (2013) Hunting behaviour and breeding performance of  northern goshawks  Accipiter
gentilis, in relation to resource availability, sex, age and morphology. Naturwissenchaften 100:935–942
Pérez-García JM, Sánchez-Zapata JA, Botella F (2012) Distribution and breeding performance of a high-density eagle owl
Bubo bubo population in southeast Spain. Bird Study 59:22–28
Pérez-García JM, Margalida A, Afonso I, Ferreiro E, Gardiazábal A, Botella F, Sánchez-Zapata JA (2013) Interannual home
range variation, territoriality and overlap in breeding Bonelli's eagles (Aquila fasciata) tracked by GPS satellite telemetry.
Journal of Ornithology 154:63–71
Petty SJ (1989) Productivity and density of tawny owls Strix aluco in relation to the structure of a spruce forest in Britain.
Ann Zool Fenn 26:227–233
Pietiäinen H (1988) Breeding season quality, age, and the effect of experience on the reproductive success of the Ural owl
(Strix uralensis). Auk 105:316–324
Pietiäinen H, Kolunen H (1993) Female body condition and breeding of the Ural owl Strix uralensis. Funct Ecol 7:726–735
Potapov ER (1997) What determines the population density and reproductive success of rough-legged buzzards,  Buteo
lagopus, in the Siberian tundra? Oikos 78:362–376
Ranazzi L, Manganaro A, Salvati L (2000) The breeding success of tawny owls (Strix aluco) in a Mediterranean area: a
long-term study in urban Rome. Journal of Raptor Research 34:322–326
Ranta E, Byholm P, Kaitala V, Saurola P, Lindén H (2003) Spatial dynamics in breeding performance of a predator: the
connection to prey availability. Oikos 102:391–396
Redpath SM, Arroyo BE, Etheridge B, Leckie F, Bouwman K, Thirgood SJ (2002a) Temperature and hen harrier productivity:
from local mechanisms to geographical patterns. Ecography 25:533–540
Redpath SM, Thirgood SJ, Clarke R (2002b) Field vole Microtus agrestis abundance and hen harrier Circus cyaneus diet
and breeding in Scotland. Ibis 144:E33–38
Reif V, Jungell S, Korpimäki E, Tornberg R, Mykrä S (2004) Numerical response of common buzzards and predation rate of
main and alternative prey under fluctuating food conditions. Ann Zool Fenn 41:599–607
Resano-Mayor J, Hernández-Matías A, Real J, Moleón M, Parés F, Inger R, Bearhop S (2014) Multi-scale effects of nestling
diet on breeding performance in a terrestrial top predator inferred from stable isotope analysis. PLoS ONE 9(4):e95320
Rodríguez C, Bustamante J (2003) The effect of weather on lesser kestrel breeding success: can climate change explain
historical population declines? J Anim Ecol 72:793–810
Rohner C, Krebs CJ (1998) Response of great horned owls to experimental “hot spots” of snowshoe hare density. Auk
115:694–705
Rohner C, Smith JNM, Stroman J, Joyce M, Doyle FI, Boonstra R (1995) Northern hawk-owls in the nearctic boreal forest:
prey selection and population consequences of multiple prey cycles. Condor 97:208–220
Rusch DH, Meslow EC, Doerr PD, Keith LD (1972) Response of great horned owl populations to changing prey densities. J
Wildl Manage 36:282–296
Rutz C, Bijlsma RG (2006) Food-limitation in a generalist predator. Proc R Soc B-Biol Sci 273:2069–2076
Sálek M, Lövy M (2012) Spatial ecology and habitat selection of little owl  Athene noctua during the breeding season in
central European farmland. Bird Conservation International 22:328–338
Santangeli A, Hakkarainen H, Laaksonen T, Korpimäki E (2012) Home range size is determined by habitat composition but
11
feeding rate by food availability in male Tengmalm's owls. Anim Behav 83:1115–1123
Sasvári L, Hegyi Z (2002) Effects of age composition of pairs and weather condition on the breeding performance of tawny
owls. Folia Zool 51:113–120
Sasvári L, Hegyi Z (2005) Effects of breeding experience on nest-site choice and the reproductive performance of tawny
owls (Strix aluco). Journal of Raptor Research 39:26–35
Sasvári L, Hegyi Z, Csörgõ, Hahn I (2000) Age-dependent diet change, parental care and reproductive cost in tawny owls
Strix aluco. Acta Oecol 21:267–275
Selås V (2001) Breeding density and brood size of common buzzard Buteo buteo in relation to snow cover in spring. Ardea
89:471–479
Sergio F, Newton I (2003) Occupancy as a measure of territory quality. J Anim Ecol 72:857–865
Sergio F, Marchesi L, Pedrini P (2003) Spatial refugia and the coexistence of a diurnal raptor with its intraguild owl predator.
J Anim Ecol 72:232–245
Sergio F, Scandolara C, Marchesi L,  Pedrini  P,  Penteriani V (2005) Effect  of  agro-forestry and landscape changes on
common buzzards (Buteo buteo) in the Alps: implications for conservation. Anim Conserv 7:17–25
Sergio F, Marchesi L, Pedrini P, Penteriani V (2007) Coexistence of a generalist owl with its intraguild predator: distance-
sensitive or habitat-mediated avoidance? Anim Behav 74:1607–1616
Sergio F, Marchesi L, Pedrini P (2008) Density, diet and productivity of long-eared owls  Asio otus in the Italian Alps: the
importance of Microtus voles. Bird Study 55:321–328
Slaght JC, Horne JS, Surmach SG, Gutiérrez RJ (2013) Home range and resource selection by animals constrained by
linear habitat features: an example of Blakiston's fish owl. J Appl Ecol 50:1350–1357
Smith DG, Murphy JR (1979) Breeding responses of raptors to jackrabbit density in the eastern great basin desert of Utah.
Raptor Research 13:1–14
Smith  DG,  Murphy  JR,  Woffinden  ND  (1981)  Relationships  between  jackrabbit  abundance  and  ferruginous  hawk
reproduction. Condor 83:52–56
Solonen T (2004) Are vole-eating owls affected by mild winters in southern Finland? Ornis Fennica 81:65–74
Solonen T (2005) Breeding of the tawny owl Strix aluco in Finland: responses of a southern colonist to the highly variable
environment of the North. Ornis Fennica 82:97–106
Solonen T (2009) Factors affecting reproduction in the tawny owl Strix aluco in southern Finland. Ann Zool Fenn 46:302–
310
Solonen T (2011) Impact of dominant predators on territory occupancy and reproduction of subdominant ones within a guild
of birds of prey. Open Journal of Ornithology 4:23–29
Solonen T (2013) Factors affecting timing of breeding in the tawny owl Strix aluco. Open Journal of Ornithology 6:40–51
Solonen  T (2014)  Timing  of  breeding  in  rural  and  urban  tawny owls  Strix  aluco in  southern  Finland:  effects  of  vole
abundance and winter weather. Journal of Ornithology 155:27–36
Solonen T, af Ursin K (2008) Breeding of tawny owls Strix aluco in rural and urban habitats in southern Finland. Bird Study
55:216–221
Solonen T, Karhunen J (2002) Effects of variable feeding conditions on the tawny owl Strix aluco near the northern limit of
its range. Ornis Fennica 79:121–131
Steenhof K, Kochert MN (1985) Dietary shifts of sympatric buteos during a prey decline. Oecologia 66:6–16
Steenhof K, Kochert MN, McDonald TL (1997) Interactive effects of prey and weather on golden eagle reproduction. J Anim
Ecol 66:350–362
Sunde P, Redpath SM (2006) Combining information from range use and habitat selection: sex-specific spatial responses to
habitat fragmentation in tawny owls. Ecography 29:152–158
Sunde P, Overskaug K, Bolstad JP, Øien IJ (2001) Living at the limit: ecology and behaviour of tawny owls Strix aluco in a
northern edge population in central Norway. Ardea 89:495–508
Sunde P, Thorup K, Jacobsen LB, Holsegård-Rasmussen, Ottessen N, Svenné S, Rahbek C (2009) Spatial behaviour of
little owls (Athene noctua) in a declining low-density population in Denmark. Journal of Ornithology 150:537–548
Thorup K, Sunde P, Jacobsen LB, Rahbek C (2010) Breeding season food limitation drives population decline of the little
owl Athene noctua in Denmark. Ibis 152:803–814
12
Tjernberg M (1983) Prey abundance and reproductive success of the golden eagle Aquila chrysaetos in Sweden. Holarctic
Ecology 6:17–23
Tomé R, Catry P, Bloise C, Korpimäki E (2008) Breeding density and success, and diet composition of little owls Athene
noctua in steppe-like habitats in Portugal. Ornis Fennica 85:22–32
Vasko V, Laaksonen T, Valkama J, Korpimäki E (2011) Breeding dispersal of Eurasian kestrels  Falco tinnunculus under
temporally fluctuating food abundance. J Avian Biol 42:552–563
Village A (1981) The diet and breeding of long-eared owls in relation to vole numbers. Bird Study 28:214–224
Viñuela J, Veiga JP (1992) Importance of rabbits in the diet and reproductive success of black kites in southwestern Spain.
Ornis Scandinavica 23:132–138
Whitfield DP, Reid R, Haworth PF, Madders M, Marquiss M, Tingay R, Fielding AH (2009) Diet specificity is not associated
with increased reproductive performance of golden eagles Aquila chrysaetos in western Scotland. Ibis 151:255–264
Zabel CJ, McKelvey K, Ward JP (1995) Influence of primary prey on home-range size and habitat-use patterns of northern
spotted owls (Strix occidentalis caurina). Can J Zool 73:433–439
Zuberogoitia I (2000) Influence of weather on breeding success of barn owls. Ardeola 47:49–56 (in Spanish with English
abstract)
13
B. Procedures used to estimate prey weight
Table S3 Procedures used to estimate prey weight in the diet of eagle owls in Seville (SW Spain).
Prey species or group Reference weight value or calculation method Source
Rabbit
Oryctolagus cuniculus
log(weight) = 1.411 + 0.028 × humerus length
log(weight) =1.441 + 0.021 × femur length
log(weight) = 1.407 + 0.019 × tibia length
Donázar and Ceballos 1989
Iberian hare
Lepus granatensis
ln(weight) = 3.5689 + 0.0348 × tibia length
ln(weight) = 3.5967 + 0.0386 × femur length
Batista and Almeida 1996; R.
Lourenço, unpublished data
Rats
Rattus spp. log(weight) = 4.7170 × log (jaw length) – 4.2923 Morris 1979
Bird species Mean weight value Cramp and Simmons 1977-1994
Unidentified 
passerines ln(weight) = -3.8027 + 2.4221 × humerus length Morris and Burgis 1988
Mammal species Mean weight value MacDonald and Barret 1993
Amphibians, reptiles, 
fish, and invertebrates
Mean weight value based on field measurement 
of individuals R. Lourenço, unpublished data
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C. Eagle owl diet in the study area
Table S4 Biomass percentage of main prey groups in the diet of eagle owls in Seville (SW Spain).
Breeding
site
Rats
Rattus spp.
Rabbit
Oryctolagus
cuniculus
Hare
Lepus
granatensis
Red-legged
partridge
Alectoris rufa
Pigeons
(Columbiformes)
Passerines
(Passeriformes)
Prey
sample
size
1 6.0 77.8 0.0 9.9 2.3 0.4 142
2 4.8 72.9 5.3 8.7 2.5 0.4 113
3 7.5 24.8 15.8 7.9 17.6 1.8 78
4 16.6 45.7 4.7 4.5 11.2 0.4 128
5 26.5 56.3 2.1 3.0 3.7 0.3 114
6 3.4 60.5 27.5 4.7 0.0 0.5 67
7 9.5 61.7 16.9 5.8 2.5 0.0 58
8 14.0 43.2 19.6 15.7 1.7 0.2 103
9 6.2 81.1 2.1 7.4 0.3 0.3 228
10 3.3 93.7 0.0 1.5 0.0 0.4 71
11 9.7 75.1 2.7 8.2 1.4 0.2 204
12 2.8 67.7 2.5 19.9 3.3 0.8 137
13 5.8 59.2 9.8 23.1 0.0 0.3 180
14 5.6 75.0 5.8 12.5 0.0 0.0 47
15 7.7 50.5 17.4 9.1 1.6 0.8 239
16 2.2 77.7 9.3 7.6 0.0 0.7 146
17 7.3 68.8 4.1 9.6 3.8 0.4 146
18 3.7 54.7 1.5 6.6 12.5 2.3 123
19 6.5 70.2 4.7 11.6 2.3 0.5 111
20 9.9 61.6 6.7 11.1 4.2 0.4 180
21 3.3 82.3 0.0 7.4 0.9 0.3 160
22 4.2 65.3 6.8 6.4 5.4 2.3 165
23 14.8 73.3 0.0 5.2 0.6 0.3 122
24 3.7 68.6 7.8 12.7 0.0 1.1 182
25 7.1 79.0 0.0 10.4 0.0 0.0 94
26 5.3 75.7 3.7 6.6 0.8 0.6 235
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D. Detailed results from statistical analysis – multi-model inference procedure
Table S5 Set of best models (ΔAICc < 2.00) analysing the effects on mean breeding success.
Variables in the model df log-likelihood AICc ΔAICc Akaike weight
Superpredation 3 -18.74 44.58 0.00 0.16
Diet diversity 3 -19.11 45.31 0.73 0.11
Null model 2 -20.51 45.54 0.96 0.10
Superpredation + rabbit biomass 4 -18.00 45.91 1.33 0.08
Superpredation + rat biomass 4 -18.14 46.18 1.61 0.07
Table S6 Model averaging results for the analysis of the effects on mean breeding success.
Model-averaged
coefficient
SE z P
Relative variable
importance
Intercept 2.79 0.71 3.82 <0.001 --
Superpredation -2.71 1.56 1.65 0.10 0.43
Diet diversity -1.50 1.09 1.32 0.19 0.30
Rabbit biomass 0.76 0.69 1.06 0.29 0.23
Rat biomass -0.53 0.84 0.60 0.55 0.17
Rabbit mean weight -0.001 0.001 0.58 0.56 0.155
Mean weight of alternative prey -0.00001 0.002 0.005 1.00 0.12
Table S7 Set of best models (ΔAICc < 2.00) analysing the effects on the coefficient of variation of breeding
success.
Variables in the model df log-likelihood AICc ΔAICc Akaike weight
Rat biomass 3 6.40 -5.71 0.00 0.14
Rabbit biomass + rabbit mean weight 4 7.63 -5.35 0.36 0.12
Null model 2 4.76 -4.99 0.72 0.10
Rat biomass + rabbit mean weight 4 7.44 -4.97 0.75 0.10
Rat biomass + diet diversity 4 7.19 -4.47 1.24 0.08
Rat biomass + superpredation 4 7.10 -4.29 1.42 0.07
Rabbit biomass 3 5.54 -3.99 1.72 0.06
Rat biomass + mean weight of alternative prey 4 6.91 -3.92 1.80 0.05
Table S8 Model averaging results for the analysis of the effects on the coefficient of variation of breeding 
success.
Model-averaged
coefficient
SE z P
Relative variable
importance
Intercept 0.21 0.28 0.70 0.48 --
Rat biomass 0.53 0.28 1.80 0.07 0.49
Rabbit mean weight 0.001 0.001 1.28 0.20 0.29
Rabbit biomass -0.40 0.32 1.20 0.23 0.26
Diet diversity 0.30 0.43 0.66 0.51 0.15
Superpredation 0.41 0.65 0.61 0.54 0.14
Mean weight of alternative prey 0.0003 0.001 0.56 0.57 0.13
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Table S9 Set of best models (ΔAICc < 2.00) analysing the effects on mean laying date.
Variables in the model df log-likelihood AICc ΔAICc Akaike weight
Rabbit mean weight 3 -46.88 100.85 0.00 0.15
Rabbit mean weight + rat biomass 4 -45.93 101.76 0.91 0.10
Rat biomass 3 -47.36 101.82 0.97 0.09
Rabbit mean weight + diet diversity 4 -46.09 102.08 1.23 0.08
Null model 2 -48.82 102.17 1.32 0.08
Rabbit mean weight + superpredation 4 -46.13 102.17 1.32 0.08
Table S10 Model averaging results for the analysis of the effects on mean laying date.
Model-averaged
coefficient
SE z P
Relative variable
importance
Intercept 3.80 2.49 1.49 0.14 --
Rabbit mean weight 0.006 0.003 1.76 0.08 0.48
Rat biomass -3.18 2.19 1.38 0.17 0.30
Superpredation 5.22 4.60 1.08 0.28 0.22
Diet diversity 2.71 3.17 0.82 0.42 0.18
Rabbit biomass 1.38 2.23 0.59 0.55 0.16
Mean weight of alternative prey -0.002 0.005 0.41 0.68 0.13
Table S11 Set of best models (ΔAICc < 2.00) analysing the effects on mean nightly total distance.
Variables in the model df log-likelihood AICc ΔAICc Akaike weight
Edge density + age 4 -227.65 465.21 0.00 0.42
Table S12 Model averaging results for the analysis of the effects on mean nightly total distance.
Model-averaged
coefficient
SE z P
Relative variable
importance
Intercept 8705.47 2781.23 3.07 0.002 --
Age (older:younger) 2046.48 763.10 2.54 0.01 0.70
Edge density -19.49 7.68 2.41 0.02 0.62
Dense scrubland 2116.86 1387.42 1.45 0.15 0.12
Rabbit mean weight 4.71 4.39 1.03 0.30 0.07
Sex (female:male) 774.72 789.23 0.93 0.35 0.06
Haematocrit 52.33 52.05 0.96 0.34 0.06
Diet diversity 2625.73 3615.56 0.69 0.49 0.04
Proportion juvenile rabbits -1212.00 3465.11 0.34 0.74 0.04
Rat biomass -2699.07 5152.55 0.50 0.62 0.04
Superpredation 1157.23 6324.23 0.18 0.86 0.04
Rabbit biomass -152.14 2801.79 0.05 0.96 0.04
Mean weight of alternative prey -1.91 5.17 0.35 0.73 0.04
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Table S13 Set of best models (ΔAICc < 2.00) analysing the effects on mean nightly home range.
Variables in the model df log-likelihood AICc ΔAICc Akaike weight
Edge density + age 4 1.93 6.05 0.00 0.32
Edge density + mean weight of alternative prey 4 1.70 6.50 0.44 0.26
Table S14 Model averaging results for the analysis of the effects on mean nightly home range.
Model-averaged
coefficient
SE z P
Relative variable
importance
Intercept 2.96 0.38 7.48 <0.001 --
Edge density -0.004 0.001 3.67 <0.001 0.97
Age (older:younger) 0.23 0.10 2.11 0.03 0.33
Mean weight of alternative prey 0.001 0.001 2.00 0.045 0.27
Rabbit biomass -0.49 0.50 0.96 0.34 0.05
Sex (female:male) -0.11 0.11 0.95 0.34 0.05
Rat biomass -0.72 0.86 0.81 0.42 0.04
Rabbit mean weight 0.0003 0.001 0.63 0.53 0.04
Haematocrit -0.004 0.007 0.52 0.60 0.03
Superpredation -0.44 0.92 0.46 0.65 0.03
Dense scrubland 0.05 0.20 0.23 0.82 0.03
Proportion of juvenile rabbits 0.07 0.51 0.14 0.89 0.03
Diet diversity 0.07 0.54 0.13 0.90 0.03
Table S15 Set of best models (ΔAICc < 2.00) analysing the effects on mean step length.
Variables in the model df log-likelihood AICc ΔAICc Akaike weight
Edge density 3 -152.57 312.24 0.00 0.15
Edge density + rabbit mean weight 4 -151.52 312.95 0.71 0.11
Edge density +rat biomass 4 -151.57 313.05 0.81 0.10
Edge density + dense scrubland 4 -151.91 313.73 1.50 0.07
Edge density + proportion of juvenile rabbits 4 -152.10 314.10 1.86 0.06
Edge density + age 4 -152.10 314.11 1.87 0.06
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Table S16 Model averaging results for the analysis of the effects on mean step length.
Model-averaged
coefficient
SE z P
Relative variable
importance
Intercept 596.51 149.97 3.88 <0.001 --
Edge density -1.15 0.41 2.67 0.008 0.83
Rat biomass -303.50 244.94 1.18 0.24 0.13
Rabbit mean weight 0.23 0.19 1.14 0.26 0.13
Dense scrubland 87.09 71.27 1.16 0.25 0.12
Age (older:younger) 37.89 41.42 0.87 0.39 0.09
Proportion of juvenile rabbits -82.08 172.56 0.46 0.65 0.08
Diet diversity 147.87 184.45 0.76 0.46 0.08
Superpredation 135.32 309.51 0.42 0.68 0.07
Rabbit biomass 28.79 153.26 0.18 0.86 0.07
Sex (female:male) -20.67 39.75 0.49 0.62 0.06
Mean weight of alternative prey 0.04 0.25 0.14 0.89 0.06
Haematocrit 0.36 2.59 0.13 0.90 0.06
Table S17 Set of best models (ΔAICc < 2.00) analysing the effects on mean movement speed.
Variables in the model df log-likelihood AICc ΔAICc Akaike weight
Sex + diet diversity 4 -97.97 205.85 0.00 0.09
Sex 3 -100.05 207.19 1.35 0.05
Sex + rabbit biomass 4 -98.79 207.48 1.63 0.04
Rabbit biomass 3 -100.24 207.58 1.73 0.04
Sex + edge density 4 -98.84 207.58 1.74 0.04
Sex + age 4 -98.97 207.84 2.00 0.03
Table S18 Model averaging results for the analysis of the effects on mean movement speed.
Model-averaged
coefficient
SE z P
Relative variable
importance
Intercept 34.56 20.48 1.65 0.10 --
Sex (female:male) -9.39 4.91 1.81 0.07 0.36
Diet diversity 36.67 22.91 1.52 0.13 0.24
Rabbit biomass -24.58 15.92 1.47 0.14 0.20
Age (older:younger) 7.91 5.30 1.42 0.16 0.19
Edge density -0.08 0.05 1.35 0.18 0.17
Rat biomass 30.83 34.14 0.86 0.39 0.10
Haematocrit 0.28 0.33 0.79 0.43 0.09
Superpredation 9.41 45.67 0.20 0.84 0.08
Rabbit mean weight 0.01 0.03 0.37 0.71 0.07
Proportion of juvenile rabbits 5.31 19.84 0.26 0.80 0.07
Mean weight of alternative prey 0.01 0.04 0.20 0.84 0.07
Dense scrubland 0.76 9.58 0.08 0.94 0.07
19
